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Medium-term orientation of monetary policy implies that a central bank concerned with
the maintenance of price stability should not react on transitory price movements but
focus its monetary policy on the price trend. Therefore, independently of what monetary
policy strategy is pursued, exact information about the price trend is essential for a central
bank. However, it is not possible to raise data on the price trend. In practice, inﬂation
is often measured in terms of the development of a price index. Usually a consumer
price index (CPI) is applied, since the value of money is in general associated with the
purchasing power of money on the consumer level. However, this wide-spread method of
measuring inﬂation contains serious problems for monetary policy. Since the CPI is not
designed to measure the price trend, it often delivers a distorted picture of underlying
inﬂation.
The conceptual mismatch between underlying inﬂation and CPI inﬂation is best illus-
trated by the theoretical deﬁnition of inﬂation. In theory inﬂation is deﬁned as a sustained
increase in the general price level. According to this deﬁnition only a persistent increase
of the price index corresponds to the term inﬂation, while temporary increases of the CPI
do not fulﬁll the criteria of inﬂation. The focus of the deﬁnition on the general price
level adds two further problems of CPI price measurement. Firstly, the CPI is based on
a representative choice of consumer goods and therefore comprises only the price devel-
opments of selected consumer goods and by far not the price developments of all goods
in the economy. Secondly, volatile price developments of individual goods often deliver a
distorting impact on the CPI not in line with the concept of inﬂation.
In view of the deﬁciencies of the CPI in capturing underlying inﬂation, in the litera-
ture a huge number of diﬀerent measures of underlying inﬂation, known as core inﬂation
measures, have been proposed. No consensus is achieved yet on which measure performs
best. While no unique deﬁnition of core inﬂation exists, core inﬂation is usually deﬁned
in terms of the method it is constructed with. The variety of core inﬂation approaches
can be divided into three main categories according to the information set they rely on.
These are methods based on the cross sectional distribution of prices, panel methods, and
2time series methods.
The cross sectional approaches to core inﬂation address the problem of distortion in
CPI inﬂation by reweighing the impact of the individual price data of the price index.
Diﬀerent cross sectional measures are distinguished by the kind of reweighing that is
applied. Important approaches of this category are the exclusion measures like e.g. the
well known ”ex food and energy” approach, the limited inﬂuence estimators proposed by
Bryan & Cecchetti (1994) and Bryan, Cecchetti & WigginsII (1997) and the Edgeworth
or variance weighted index suggested by Diewert (1995) and Dow (1994).
The panel methods combine information on the cross sectional and the time series
dimension of individual price changes to identify core inﬂation. A major approach based
on panel data is the dynamic factor index developed by Stock & Watson (1991) measuring
core inﬂation as the the common element of the individual price changes.
Among the time series approaches univariate measures are distinguished from multi-
variate methods. The univariate measures rely solely on information of the aggregated
price index. Diﬀerent smoothing techniques are applied. These comprise simple meth-
ods like taking moving averages as well as more sophisticated methods like the Hodrick
Prescott ﬁlter and the Kalman ﬁlter. Against that, the multivariate approaches next to
the price index take into account additional information in terms of further economic
variables. They basically comprise the structural vector autoregression (VAR) approach
suggested to the measurement of core inﬂation by Quah & Vahey (1995) and the common
trends approach proposed by Blix (1997). Modelling important economic interactions
between the variables considered in terms of (long-run) restrictions, a measure of core
inﬂation based on economic theory is obtained. This economic foundation essentially sets
the multivariate time series approaches apart from all other measures of core inﬂation.
Thereby an important contribution to diminishing the mismatch between the theoretical
deﬁnition and the practical measurement of inﬂation is put forward.
Next to their basic purpose of depicting underlying inﬂation core inﬂation measures
may serve additional purposes within the analysis of price developments (see European
Central Bank (2001)). They may be used to identify the kind of shocks that aﬀect CPI
3inﬂation. Furthermore, representing the persistent component of inﬂation, they might
serve as leading indicators of CPI inﬂation.
In this paper a measure of core inﬂation for the euro area is presented. The European
Central Bank (ECB) has deﬁned its primary objective, price stability in the euro area,
in terms of an increase of the Harmonised Index of Consumer Prices (HICP) below two
percent over the medium term. With the medium term orientation the ECB has made
clear that it does not respond to temporary developments of the HICP, but focuses its
monetary policy on the price trend. In view of the challenge to distinguish between
temporary and persistent movements of the HICP, core inﬂation measures could be a
valuable guideline within the second pillar of the two pillar strategy of the ECB.
Core inﬂation in the euro area in this paper is measured by means of the structural
VAR approach. To our best knowledge, so far only Wehinger (2000) has applied this
approach to core inﬂation measurement in the euro area.1 The main goal of this paper
is to assess the price trend in the euro area. In addition we compare our measure of core
inﬂation to the wide-spread ”ex food and energy” inﬂation measure, which is applied by
the ECB to the analysis of price developments in the euro area. We furthermore assess the
ability of our core inﬂation measure to track future HICP inﬂation and deliver some insight
into the robustness of our core inﬂation measure with respect to new observations, which
is a major criticism concerning structural VAR core inﬂation measurement. Our analysis
is the ﬁrst of its kind that also provides some evidence for the time period after the start
of the European Monetary Union (EMU). Putting a strong emphasis on the transparency
of the data we present a detailed account of our data sources and aggregation methods,
which is not yet common in the existing literature.
The rest of the paper is organized as follows. In chapter 2 the structural VAR approach
and the identiﬁcation restrictions underlying the empirical work are explained. In chapter
3 special problems concerning the aggregated euro area data, the data used and their
properties are discussed. Chapter 4 presents the empirical results. The speciﬁcation of
the VAR model is derived. Impulse responses and variance decompositions are analyzed.
1Fase & Folkertsma (1997) based their analysis on a diﬀerent group of countries. They used the
structural VAR approach to estimate core inﬂation in the European Union.
4Historical decompositions deliver an insight into inﬂation dynamics in the euro area. Core
inﬂation in the euro area is compared to HICP inﬂation as well as to ”ex food and energy”
inﬂation. In this chapter we furthermore analyze the ability of our core inﬂation measure
to track future HICP inﬂation and assess its robustness with respect to new observations.
Chapter 5 summarizes and evaluates important empirical results.
2 The Structural VAR Approach to Estimating Core
Inﬂation
In this chapter ﬁrst the basic idea underlying the structural VAR estimation of core
inﬂation is delivered. Furthermore a short formal representation of the structural VAR
approach is given. Thereafter the identiﬁcation restriction is introduced.
2.1 The Idea
In the seminal paper on estimating core inﬂation using the structural VAR approach Quah
& Vahey (1995) proposed a technique of measuring core inﬂation based on an explicit long-
run economic hypothesis. This hypothesis is implemented in the VAR representation by
applying a long-run identiﬁcation scheme that goes back to Shapiro & Watson (1988) and
Blanchard & Quah (1989).
More speciﬁcally, Quah & Vahey (1995) estimated a VAR system in the growth rates
of real output and inﬂation. In this bivariate VAR model they considered two types of
exogenous shocks, that are assumed to be uncorrelated with each other at all leads and
lags. These shocks are distinguished by their long-run impact on the level of real output.
While the one type of shocks is allowed to inﬂuence the level of real output in the long-run,
the long-run impact of the other type of shocks on the level of real output is restricted to
zero. Quah & Vahey (1995) deﬁne the former as noncore inﬂationary shocks and the latter
as core inﬂationary shocks. Since they had no strong prior about which types of shocks
inﬂuence inﬂation in the long and short-run, they preferred to be agnostic on the exact
interpretation of the shocks. In line with the speciﬁcation of the shocks, core inﬂation
5in this model is deﬁned as that component of measured inﬂation, that has no long-run
impact on the level of real output.
This approach is consistent with the economic concept of the vertical long-run Phillips
curve. According to this theory once wage contracts have been ﬁxed, increases in core
inﬂation can be benign for the real economy for some time but are neutral in the long run.
However no consensus has yet been achieved on the speed of adjustment of the economy
to core inﬂationary shocks. The Keynesian theory predicts a rather slow adjustment due
to nominal rigidities in the adjustment process of the economy and hence a short-run
trade-oﬀ between unemployment and inﬂation. According to the neoclassical theory such
a short-run trade-oﬀ could only arise if the agents are subject to expectations errors.
The adjustment speed to core inﬂation is then determined by the kind of underlying
expectations process.
Against this theoretical background it shall be emphasized that the structural VAR
approach does not restrict how quickly core inﬂationary shocks become output neutral.
Rather, at shorter horizons the adjustment process of the economy is freely estimated
and therefore according to Quah & Vahey (1995) delivers an assessment of the validity
of the long-run identiﬁcation restriction. Concerning to the concept of core inﬂation,
in the long-run, measured inﬂation should not be determined by noncore inﬂationary
shocks. Since no restriction of that kind is used, the estimated long run impact of noncore
inﬂationary shocks on measured inﬂation serves as a further examination of the validity
of the structural VAR core inﬂation framework.
As stressed by Wynne (1999) the concept of the vertical long-run Phillips curve is not
without problems. The underlying assumption of the long-run neutrality of inﬂation with
respect to the real economy implies that inﬂation has no long-run real costs. However,
the presumption that these costs are substantial is the reason why central banks put
their focus on the objective of price stability. A more realistic assessment proposed by
Friedman (1977) might be a rather upward sloping, from left to right, long-run Phillips
curve.
The proper speciﬁcation of the VAR model depends strongly on the stochastic prop-
6erties of the data. In the literature inﬂation is frequently identiﬁed as I(1) variable as in
Quah & Vahey (1995), but also quite often as I(0) process, leading to a diﬀerent speciﬁca-
tion of the VAR model in terms of the price equation.2 While in the former case the price
equation is deﬁned in the ﬁrst diﬀerence of inﬂation, the latter case implies a speciﬁcation
in the ﬁrst diﬀerence of the price level. As a result the stochastic properties of the euro
area data have to be checked before selecting the VAR model for the euro area.
Both model speciﬁcations basically are in line with the concept of the vertical long-
run Phillips curve. The diﬀerent results of the two speciﬁcations concerning inﬂation
are attributable to their diﬀerent impact on inﬂation expectations.3 In the case of I(1)
inﬂation one of the two shocks (the core inﬂationary shock) exerts a permanent impact
on core inﬂation. The permanent impact on inﬂation is induced by a change in inﬂation
expectations represented by a shift in the short-run expectations augmented Phillips curve.
This case therefore corresponds to the long-run neutrality of inﬂation and the long-run
super-neutrality of the price level with respect to the real economy. Against that in the
case of I(0) inﬂation inﬂation expectations are not aﬀected by either of the two shocks
implying an unchanged core inﬂation rate in the long run. In this framework both shocks
aﬀect prices permanently and inﬂation only temporarily. Core inﬂationary shocks should
nevertheless be the utmost source explaining inﬂation over prolonged periods, yet dying
out eventually. These eﬀects potentially are in line with the stylized predictions of an
AS-AD model for supply and demand shocks. As a result in this case identiﬁed shocks
that exert a permanent impact on the level of output are classiﬁed as supply shocks
and those that have no long-run eﬀect on the level of output are deﬁned as demand
shocks. Compared to I(1) inﬂation the concept of I(0) inﬂation imposes only the weaker
assumption of the long-run neutrality of the price level and is thus less controversial.
2See e.g. Aucremanne & Wouters (1999), Bjornland (2000), Gartner & Wehinger (1998) and We-
hinger (2000).
3 Theses results are independent of the assumption concerning the expectations process (extrapolative,
adaptive or rational expectations).
72.2 The Structural VAR Approach
This section gives a short formal representation of the structural VAR approach.4 In
the structural VAR representation (1) the vector xt = (x1;x2;:::;xn)0
t , containing the
variables under consideration, is a covariance stationary process with zero mean
B(L)xt = ²t (1)
where V ar(²t) = I. The coeﬃcient matrix B(L) ´ [Bij(L)] is a polynomial in L with
i;j = 1;2;:::;n, where L indicates the lag operator. B(L) is invertible. The structural
shocks ²t = (²1;²2;:::;²n)0
t are taken to be serially uncorrelated. They are assumed to be
pairwise orthogonal and their variances are normalized to one. Their variance covariance
matrix therefore equals the identity matrix I. Equation (2) shows the structural vector
moving average (VMA) representation of xt
xt = D(L)²t (2)
where D(L) ´ [Dij(L)] with i;j = 1;2;:::;n and D(L) = B(L)¡1.
To identify the coeﬃcient matrices D(L) and the structural shocks ²t of the struc-
tural VMA representation, the reduced form of the VAR system with the reduced-form
innovations et = (e1;e2;:::;en)0
t is estimated
A(L)xt = et (3)
where A(L) ´ [Aij(L)] with i;j = 1;2;:::;n is invertible and A(0) = I. The variance
covariance matrix of the reduced form innovations is given by Ω, i.e. V ar(et) = Ω.
Inversion of A(L) in equation (3) delivers the reduced-form Wold VMA representation
(4) of xt:
xt = C(L)et (4)
Here the following relationships are satisﬁed: C(L) ´ [Cij(L)] with i;j = 1;2;:::;n,
C(L) = A(L)¡1 and C(0) = I. It is assumed that the reduced form innovations are a
linear combination (5) of the structural shocks
et = S²t (5)
4See e.g. Amisano & Giannini (1997).
8where S = D(0) = B(0)¡1. Using equations (2),(4) and (5) a relationship (6) between
the coeﬃcient matrices of the reduced form VMA model and the structural VMA model
is obtained:
D(L) = C(L)S (6)
Estimation of the VAR model (3) and inversion of A(L) delivers the coeﬃcient matrix
C(L). If, furthermore, the matrix S is known, complete identiﬁcation of the structural
model (2) is straightforward. From equations (5) and (6) the structural shocks and the
coeﬃcient matrices of the structural VMA representation (2) are obtained.
Identiﬁcation of S is achieved by the implementation of restrictions. In a system of
dimension n just-identiﬁcation of the n2 elements of S requires n2 restrictions. Multiplying
each side of equation (5) by its transposed and taking expectations thereby considering
that V ar(²t) = I and V ar(et) = Ω the following relationship (7) between the estimated
variance covariance matrix Ω of the reduced form residuals and the matrix S is obtained:
Ω = SS
0 (7)
Since the variance covariance matrix Ω is symmetric, equation (7) provides n(n + 1)=2
nonlinear restrictions on S. The missing n(n¡1)=2 restrictions are derived from economic
theory. This kind of restrictions will be discussed in the next section for our bivariate
model.
2.3 Identiﬁcation of the Shocks
Anticipating the results on the stochastic properties of the euro area data (see section 3.4)
the identiﬁcation of the structural shocks refers to the VAR system in the ﬁrst diﬀerences
of the logs of output and the price index, i.e. xt = (∆y;∆p)0
t. In this bivariate VAR
model just-identiﬁcation of the four elements of the matrix S requires four restrictions.
In this case equation (7) provides three restrictions. The fourth is derived by economic
theory. In line with Quah & Vahey (1995) a long-run neutrality restriction, which can
be interpreted as time-series equivalent to the vertical long-run Phillips curve, is applied.
9Hence the two structural shocks are distinguished with respect to their long-run impact
on the level of real output.
Formally the long-run neutrality restriction is introduced in the following way. The
matrix D(1) ´
P1
k=0 D(k) captures the long-run impact of the structural shocks ²t =
(²S;²D)0
t on the level of the endogenous variables, where ²S
t denotes the supply shocks and
²D
t refers to the demand shocks. Therefore the long-run output neutrality restriction of
the demand shocks is given by equation (8)
D(1)12 =
1 X
k=0
D12(k) = C11(1)S12 + C12(1)S22 = 0 (8)
where C(1) ´
P1
k=0 C(k).
Having completely identiﬁed the structural model, the structural VAR measure of core
inﬂation is derived from the structural VMA representation of the measured inﬂation rate
(9). CPI inﬂation is determined by the structural supply and demand shocks. Since the
structural VAR approach deﬁnes core inﬂation as that component of measured inﬂation
that has no long-run impact on the level of real output, core inﬂation is given by the
second term on the right-hand side of equation (9).
∆pt =
1 X
k=0
D21(k)²
S
t¡k +
1 X
k=0
D22(k)²
D
t¡k (9)
3 The Data
In this chapter ﬁrst special problems concerning the data of the euro area are discussed.
Thereafter the choice of variables is illustrated and the sources of the euro area data as
well as the applied aggregation methods are presented. An analysis of the data properties
closes this chapter.
3.1 Special Problems Concerning Euro Area Data
Since the EMU started just three years ago, no long time series for it exist. A common
solution to this problem is to construct artiﬁcial historical data for the euro area by
aggregating the national data of the participating countries for the time prior to the
10EMU. Hereby problems concerning the quality of the data as well as the question of the
appropriate aggregation method arise.
The quality of the data is inﬂuenced by diﬀerent factors. Firstly, since the EMU
comprises also countries for which no extensive statistical data are available, a certain
amount of estimation, especially for earlier years, is unavoidable. Secondly, distortions
are a major problem of euro area data. Additional to the usual distortions in national
data euro area data are distorted due to non-harmonized national data since for (most
of) the time prior to the EMU harmonized data are not available. Non-harmonization
basically refers to diﬀerent national data deﬁnitions. However concerning the GDP data
non-harmonization additionally covers the problem of seasonal adjustment. Since not all
participating countries provided original, non-seasonally adjusted, data diﬀerent proce-
dures of seasonal adjustment are applied to the national data.
A further critical issue in constructing historical euro area data is the choice of the ap-
propriate aggregation method. Due to past exchange rate ﬂuctuations simple aggregation
across national data is misleading. Four main aggregation methods are in common use to
meet this problem. Aggregation based on levels data or on growth rates, combined with
either ﬁxed or variable weights (see Beyer, Doornik & Hendry (2000)). Since we decided
to use Eurostat data for the time horizons where these are available paying attention
to consistency in aggregating our series we followed the aggregation method applied by
Eurostat. We will refer to this issue in more detail in section 3.3.
3.2 The Choice of Variables
Our bivariate structural VAR model is based on the data of an output variable and of a
price variable.
Possible candidates for the output variable are real Gross Domestic Product (GDP)
and industrial production. From a monetary policy point of view a suitable measure
of core inﬂation should be available timely. This issue is matched best by industrial
production which is available monthly, while GDP has the substantial drawback of being
measured only at quarterly frequency. However, the appeal of industrial production as
11a measure of output suﬀers heavily from the fact that it covers only a small fraction of
output.5 Since GDP reﬂects output of the whole economy, a measure of core inﬂation
referring to these data should be more reliable in capturing the trend of inﬂation as deﬁned
above. In view of aiming at depicting a less distorted picture of inﬂation dynamics than
provided by the change in the CPI a strong preference is given to the choice of GDP as
output variable.
The selection of the suitable price variable was more straightforward than that of
the proper output variable yet not without compromise. The CPI as well as the GDP
deﬂator seemed to be reasonable alternatives. Although the GDP deﬂator, contrary to
the CPI, provides the preferred properties of ﬁrstly capturing the price movements of
the whole economy and secondly only referring to domestic price movements the decision
nevertheless went in favor of using the CPI, or more precisely, the HICP for the euro area.
This decision reﬂects the fact that the analysis although intending to capture the ”true”
price trend nevertheless also aims at delivering a practicable measure of core inﬂation
providing some beneﬁt for the conduct of monetary policy. Since the ECB has deﬁned
its quantitative objective of price stability in terms of the HICP this time series had to
be chosen. Using a diﬀerent price indicator like the GDP deﬂator would not necessarily
be a helpful tool for monetary policy aiming at keeping the HICP within its target range,
since not even the trend increase of the other price measure has to match those of the
HICP.
3.3 The Data Sources and the Aggregation Procedure
The oﬃcial data of Eurostat on GDP and the HICP for the euro area do not cover time
periods long enough for VAR analysis.6 Therefore the oﬃcial euro area data had to be
extended by own calculations based on national data of the participating countries. Yet
even this horizon was determined by the availability of the national data. Going further
5In the year 2000 industrial production accounted for 23 percent of GDP in the euro area.
6Eurostat provides euro area GDP data from 1991(1) onwards, while the time series of the HICP
for the euro area starts at 1995(1). A longer time series for the HICP starting at 1990(1) published by
Eurostat in former days was not available due to data revision.
12back in history than 1984 did not seem reasonable, since the availability and quality of
the GDP data deteriorated rapidly prior to that date. Hence the empirical work is based
on quarterly data of the time period from 1984(1) to 2000(4).
The data source of real GDP in the euro area for the period from 1991(1) to 2000(4)
is Eurostat. Since before 1991(1) no oﬃcial GDP data for the euro area as a whole
is available, for earlier dates national Eurostat data of the participating countries was
used to compute euro area data. In periods where even no national Eurostat data was
available estimations had to be carried out. If e.g. for these periods data from the
Organization for Economic Cooperation and Development (OECD) was available, we
calculated the level of the Eurostat data in the missing period using the growth rate of
the OECD data. Following the aggregation method applied by Eurostat we transformed
the national GDP series into ECU currency using the average exchange rates of the year
1995. Aggregating the national GDP series we obtained a GDP series for the euro area.
The oﬃcial Eurostat data then were linked to the aggregated data by applying the growth
rates of the aggregated data to the level of the Eurostat data. All GDP data are seasonally
adjusted data.7
Concerning to the price index HICP data as provided by Eurostat from 1995(1) on-
wards are used. For the time period prior to that date euro area CPI data are obtained
relying on national CPI data of the euro countries taken from the OECD Main Economic
Indicators. Although being aware of the deﬁciency that these are non harmonized CPI
data, neither exactly referring to the same consumer goods basket nor applying the same
weights, this is the only possibility to get euro area CPI time series long enough for VAR
analysis. Weighting the national CPI data with their current share of euro area real GDP
euro area CPI data are obtained. Visual inspection of the HICP and the aggregated CPI
inﬂation time series indicated only slight deviations between the two series. We therefore
conclude that combining the two series to a single inﬂation series seems reasonable. Again
the data series were linked by applying the growth rates of the CPI data to the level of
the HICP data. HICP as well as CPI data are constructed as end-of-quarter data. In
7An exact overview of the national GDP data sources and the time periods for which the data are
estimated as well as the applied estimation technique is given in Table 6 in the Appendix B.
13the following we will refer to the combined series as HICP. Although we had to use sea-
sonally adjusted GDP data we preferred not to seasonally adjust the HICP series. Since
the ECB’s deﬁnition for price stability refers to non-seasonally adjusted data exact com-
parability of the core inﬂation indicator with the ECB’s interpretation of price stability
necessitates the use of non-seasonally adjusted HICP data.
3.4 The Data Properties
As indicated above knowledge about the data properties is essential for the proper model
selection. Therefore unit root and cointegration tests were performed to assess the sta-
tionary properties and cointegration features of the data. The results of the Augmented-
Dickey-Fuller (ADF) tests and the Phillips Perron (PP) tests summarized in Table 1 in
Appendix A indicate, that GDP as well as the HICP are non-stationary (or more precisely
I(1)).8 Visual inspection of the time series seems to support our conclusions (see Figure 6
in Appendix B). From the results achieved with the Johansen cointegration test, shown
in Table 2 in appendix A we conclude that the two series do not follow a common trend.
4 Empirical Results
In this chapter the empirical results of the structural VAR model are presented and dis-
cussed. At ﬁrst the VAR speciﬁcation is introduced. Using impulse response functions
and variance decompositions the properties of the identiﬁed structural shocks are ana-
lyzed. This analysis aims at checking whether the identiﬁed structural shocks are in line
with their economic interpretation. Additionally it delivers an insight into the dynamic
properties of the economy under consideration. The main part of this chapter is devoted
to the presentation and discussion of core inﬂation in the euro area. A comparison is
drawn between core inﬂation, HICP inﬂation and the wide-spread ”ex food and energy”
inﬂation measure. We furthermore analyze the leading indicator property of our core
8Calculations were performed with the software packages EV iews3:0, Matlab5:3 and PcFiml9:10 (see
Doornik & Hendry (1998)).
14inﬂation measure and try to assess whether our measure is robust with respect to new
observations.
4.1 VAR Speciﬁcation
Referring to the results from the unit root and cointegration tests our VAR model is
speciﬁed in the ﬁrst diﬀerences of the logs of output and the price index. To determine
the lag order of the VAR model several order selection criteria as well as Likelihood
Ratio (LR) tests of parameter reduction were performed. While the Akaike Information
Criterion (AIC) indicated four lags, the Hannan-Quinn (HQ) and the Schwarz Criterion
(SC) reported two lags and the LR tests pointed towards a reduction from six to ﬁve
lags yet not further (see Table 3 and Table 4 in the Appendix A). Analyzing a number
of speciﬁcation tests which indicated almost no serious misspeciﬁcation in the VAR(5)
representation we decided to rely on the LR test results (see Table 5 in the Appendix A).
The VAR model therefore was estimated with a constant, seasonal dummies and ﬁve lags.
Taking into consideration lags and diﬀerenced variables the estimation sample covers the
time period from 1985(3) to 2000(4).
4.2 Impulse Response Analysis
The impulse response functions depicted in Figure 1 show the dynamic reactions of the
level of real output and the HICP to an unanticipated, unique, one-unit supply and
demand shock over a time period of ten years.9 The vertical axis refers to the log of the
considered variable, while the horizontal axis indicates the time horizon in quarters.
The observed dynamic responses of the variables match the stylized predictions of an
AS-AD model very well. A positive supply shock induces a permanent increase in the
level of real output. In the euro area the eﬀect stabilizes after about ﬁve years at its
long-run level. Against that a positive demand shock temporarily increases real output.
This short-run increase in output provides some evidence of a negatively sloped short-run
9The two standard error bands of the impulse response functions are obtained by Monte Carlo simula-
tions based on normal random draws from the posterior distribution of the reduced-form VAR coeﬃcients.
15Phillips curve. Euro area output reaches a peak after four quarters. Corresponding to
the long-run restriction, the output eﬀect vanishes after some time. In the euro area after
about four years no signiﬁcant output eﬀect is present. The impulse response functions
of the HICP depict the diﬀerent impact of supply and demand shocks on prices. While
a positive supply shock permanently reduces the HICP, a positive demand shock induces
a permanent increase of the HICP. Corresponding to the shape of the impulse responses
in the euro area it takes about ﬁve years until the HICP has reached its long-run level.
In line with the stationarity property of inﬂation in the euro area, both shocks aﬀect
inﬂation only temporarily.
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Figure 1: Impulse Responses
4.3 Variance Decompositions
The variance decompositions indicate the percentage contribution of the diﬀerent struc-
tural shocks to the variance of the k-step ahead forecast errors of the variables. Hence,
for each point in time the relative importance of the diﬀerent structural shocks for the
development of the variables can be assessed. Figure 2 shows the variance decompositions
16of the level of output and the HICP over ten years. The vertical axis indicates the contri-
bution of the structural supply and demand shocks in percent, respectively, whereas the
horizontal axis measures the time span in quarters.
The variance decomposition of output reveals that the variation in output in the euro
area is attributable mainly to supply shocks. The long-run impact of the supply shocks on
output approaches 100 percent, a result which is imposed by the identiﬁcation procedure.
Even in the short-run supply shocks account for more than half of the variance in output.
The variance decomposition of the HICP indicates that in the euro area over all horizons
demand shocks exert the major contribution to the variability in the HICP. In the short-
run demand shocks account for about 70 percent of the variance in the HICP. This share
converges to 100 percent in longer horizons. It should be emphasized that this result is not
due to any kind of imposed restriction. The results of the variance decomposition of the
HICP are consistent with the concept of core inﬂation being demand driven. A demand
driven measure captures the price trend, if demand factors account for the predominant
part of the variation in the price index in the medium to long-run.
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Figure 2: Variance Decompositions
174.4 Historical Decompositions: Estimated Core Inﬂation
Historical decompositions are used to analyze the impact of individual structural shocks
on the variables of the system. Thus the structural shock of interest enters the respective
equation while the others are set to zero. The results of the impulse responses and variance
decompositions indicate that the structural shocks of our model can be interpreted as
supply and demand shocks. The calculation of core inﬂation by means of the structural
demand shocks therefore seems to make sense economically.
Figure 3 depicts the (year-on-year) core inﬂation rate together with HICP inﬂation
for the time period of 1990(1) to 2000(4). Furthermore noncore inﬂation capturing the
impact of the supply shocks is shown. Drawing a comparison with other core inﬂation
measures Figure 4 represents core inﬂation and HICP inﬂation together with the well
known ”ex food and energy” inﬂation10 for the time span of 1996(1) to 2000(4).11
Visual inspection of the Figures 3 and 4 shows that core inﬂation and HICP inﬂation
follow the same ”trend”. This property is compelling, since only temporary (supply side)
inﬂuences have been eliminated calculating core inﬂation. By construction the common
development of the two inﬂation measures is determined by demand shocks, while devia-
tions between core and HICP inﬂation are attributable to supply shocks. Furthermore the
ﬁgures seem to suggest that the variability of core inﬂation is smaller than that of HICP
inﬂation, as should be the case for a measure of the persistent component of inﬂation.
Regarding the development of core inﬂation in Figure 4 two diﬀerent time periods
have to be distinguished. Until 1999(2) core inﬂation basically was declining, while the
time period thereafter was characterized by a strong increase in core inﬂation. The former
period to a large degree comprises the time in the run-up to the EMU. In this period in
many EMU countries large eﬀorts have been made to bring down inﬂation and meet the
Maastricht criteria. In the nineties the growth rates of the monetary aggregates in the
euro area were brought down enormously. Likewise ﬁscal policy of the member countries in
10In this paper ”ex food and energy” inﬂation is derived by excluding the prices of unprocessed food
and energy. Basically the notion ”ex food and energy” inﬂation has no unique meaning. A number of
”ex food and energy” inﬂation measures are in common use which diﬀer with respect to the categories
of food and energy goods that are excluded from the index. An overview of ”ex food and energy”-type
measures calculated for the euro area is provided by Vega & Wynne (2001).
11This time span was determined by the availability of the HICP data.
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Figure 3: Core Inﬂation, Noncore Inﬂation and HICP Inﬂation
line with the Stability and Growth Pact followed a strict consolidation process. Moderate
growth characterizing most of that time period may have further contributed to this
development. One factor explaining the considerable increase in core inﬂation in the euro
area since 1999(3) could be the strong growth dynamic of this time period. Furthermore,
the marked depreciation of the Euro as well as the huge increase in oil prices may have
partly spilled over into core inﬂation.
Next to the demand factors inﬂuencing the development of core inﬂation the supply
factors responsible for the occasionally quite substantial deviations between core and
HICP inﬂation are of interest. The time period under consideration basically covers two
diﬀerent periods of deviations between core and HICP inﬂation (see Figure 4). Between
1996(1) and 1999(4) HICP inﬂation underestimated core inﬂation, while in the time period
thereafter the development was vice versa. In the ﬁrst time span positive supply shocks
have caused the understatement of core inﬂation by HICP inﬂation. The strong temporary
decline in the oil prices may have fostered this development. After 1999(4) negative supply
shocks have pushed HICP inﬂation above core inﬂation. This time a strong increase in oil
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Figure 4: Core Inﬂation and ”Ex Food and Energy” Inﬂation
prices as well as a pronounced rise in the prices of unprocessed food may have considerably
contributed to this development.
In Figure 4 to a great extent core inﬂation and ”ex food and energy” inﬂation deliver
a quite similar assessment of underlying inﬂation. Only for the time period after 1999(2)
a rather diﬀerent picture emerges. Both measures basically indicate the same direction
of the development of underlying inﬂation. Furthermore the slope of underlying inﬂation,
except for the last time period, is indicated similarly. The time periods of over- or under-
estimation of underlying inﬂation reported by the two measures match each other quite
well. However, the size of over- or underestimation sometimes diﬀers substantially.
The strong congruence of time periods of under- and overestimation of underlying
inﬂation is an indication, that those supply shocks considered by ”ex food and energy”
inﬂation exert an important inﬂuence on HICP inﬂation at the time period under con-
sideration. The diﬀerent size of under- or overestimation reported by the two measures
is due to the fact, that core inﬂation other than ”ex food and energy” inﬂation behaves
very ﬂexible with respect to the amount of a supply shock as well as the kinds of supply
shocks that are considered. Complete elimination of special supply shocks as suggested
20by ”ex food and energy” inﬂation is critical. If these shocks convey information about the
price trend they should not be excluded (completely). Furthermore other supply shocks
distorting the picture of the price trend should be eliminated from HICP inﬂation. Some
of these factors seem to have played a major role between 1999(2) and 2000(4), where core
inﬂation indicates a much stronger increase in the price trend and a much less pronounced
inﬂuence of supply shocks than ”ex food and energy” inﬂation.
As noted at the beginning a further desirable feature of core inﬂation measures is the
ability to track future HICP inﬂation. We assess this property by looking at the measures
ability to predict changes in HICP inﬂation. The Figures 3 and 4 indicate two major
turning points in HICP inﬂation in 1992(1) and 1999(2). As can be seen core inﬂation
changed the direction of its development at the same time as HICP inﬂation. It therefore
tends to be a coincident indicator rather than a leading indicator of the reversal in HICP
inﬂation. As will be shown in the next section this feature is robust with respect to new
observations. ”Ex food and energy” inﬂation performed worse than our core inﬂation
measure. Figure 4 shows that ”ex food and energy” inﬂation was still declining when
HICP inﬂation already started to increase markedly in 1999(2). It therefore has to be
considered a lagging indicator of HICP inﬂation. This feature was also reported by the
European Central Bank (2001) not only for various ”ex food and energy”-type inﬂation
measures, but also for diﬀerent trimmed mean measures as well as the Edgeworth measure.
4.5 Robustness of the Results
One of the major criticisms concerning time series based core inﬂation measures is that the
history of the measure may change signiﬁcantly each time new data are released. Since
this is a serious objection making the measure more or less worthless for the practical
purposes of monetary policy we tried to investigate this issue for core inﬂation in the euro
area.12
To assess the robustness of our core inﬂation measure with respect to new observations,
12 We furthermore checked the robustness of the core inﬂation indicator with regard to changes in
the lag length of the VAR model. We found out that diﬀerent speciﬁcations of the lag length that are
considered as acceptable in terms of the misspeciﬁcation tests lead to only very minor changes in the core
inﬂation indicator.
21we estimated core inﬂation recursively over diﬀerent time horizons. We decided to use
the data sample from 1985(3) to 1998(1) as the starting point of recursive estimation.
Starting with a shorter data sample did not seem reasonable, due to our limited data set.
The results are depicted in Figure 5. To better assess the size of the changes we added a
”tolerance” band of 0.3 percentage points hight around the mean of core inﬂation in each
point in time, which is indicated by the lines with dots in Figure 5.13
Q1-90 Q1-92 Q1-94 Q1-96 Q1-98 Q1-00 Q1-02
0.5
1
1.5
2
2.5
3
3.5
4
4.5
quarters
p
e
r
c
e
n
t
Figure 5: Robustness of the Results
From Figure 5 we conclude that most of the time our core inﬂation measure performs
strikingly well. The results show that there are some changes in the historical level of
core inﬂation with respect to new observations. However for most of the time reestimating
over a period of three years these changes seem to be rather small. Only for a limited
time period between 1994 and 1996 the changes are somewhat larger than the ”tolerance”
bands. One possible reason for the enhanced variability during that time period could
be the change from non-harmonized to harmonized CPI data covered by that period. At
the time period thereafter (until 1998) the variability seems to decrease. The time period
after 1998 is not (completely) comparable since the number of data points declines due
13Of course the number of 0.3 percentage points is chosen somewhat arbitrarily.
22to recursive estimation. A further remarkable result is that the direction of core inﬂation
movement never changed due to reestimation. In this respect our core inﬂation measure
seems to be extremely robust. All in all the results seem to be quite promising. Of
course due to the limited data sample our analysis can only deliver a ﬁrst insight into the
reliability of our core inﬂation measure.
5 Conclusions
Against the diﬃcult background of analyzing aggregated time series data we estimated
core inﬂation in the euro area by applying the structural VAR approach. This approach
has the favorable property of relying on economic theory thereby diminishing the mis-
match between the theoretical concept of inﬂation and the practical inﬂation measure-
ment. From our results we conclude that the HICP sometimes seems to be a misleading
inﬂation indicator for monetary policy in the euro area. Our measure of core inﬂation
indicates a lasting decline in underlying inﬂation in the euro area over the nineties which
is followed by a pronounced increase in inﬂation dynamics since the middle of the year
1999. Though HICP inﬂation basically followed a similar inﬂation pattern for some time
periods quite substantial deviations between core and HICP inﬂation have been identiﬁed.
Between 1996 and 1999 HICP inﬂation tends to underestimate the price trend, while in
the period thereafter the development was vice versa.
The historical results seem to be quite robust against new observations. For most of
the time period under consideration the size of revision in the level of core inﬂation broadly
behaved within an limited range. Moreover the direction of core inﬂation movement was
never revised. Therefore ﬁnding our core inﬂation measure to be a coincident indicator of
the reversal in HICP inﬂation seems to be a quite robust result. All in all the results seem
to be quite promising. However, due to the limited data sample our analysis can only
deliver a ﬁrst insight into the reliability of our core inﬂation measure. The level of core
inﬂation therefore has to be interpreted with some caution. Our results however deliver
a general idea of how big these changes most likely are supposed to be.
While our bivariate structural VAR model provides some evidence concerning the im-
23pact of demand and supply factors on HICP inﬂation, it does not deliver any information
on the kind of demand and supply factors. To analyze the kind of demand and supply
factors, we therefore included further economic information in terms of the development
of individual price series or those of other economic variables. A deeper insight can also
be reached by comparing the results to those of other core inﬂation measures as we did by
including the wide-spread ”ex food and energy” inﬂation measure. Basically the determi-
nants of inﬂation and core inﬂation could also be identiﬁed more deeply within a larger
VAR model. However for the euro area we did not succeed in signiﬁcantly identifying a
broader set of structural shocks. In view of the problems concerning the euro area data
and the resulting uncertainties surrounding them this result perhaps should not be too
surprising. It rather illustrates the uncertainty the ECB has to build its analysis and
decisions on.
To sum up, for each central bank concerned with the maintenance of price stability
correct information about the price trend is essential however diﬃcult to obtain. For the
ECB acting in an environment of uncertainty correctly assessing the price trend is even
harder. To get an extensive assessment of the price developments in the euro area the ECB
should therefore take into account all possible sources of price information. Hereby core
inﬂation measures could provide a valuable guideline in distinguishing between temporary
and persistent price developments. Since a single best measure of core inﬂation does not
exist, it is advisable to look at diﬀerent core inﬂation measures, keeping in mind their
respective advantages and drawbacks.
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27A Tables Appendix
Table 1: Unit Root Tests+
Variable Notation
ADF Test PP Test 5 Percent
Decision
Setup+ Statistic Setup++ Statistic Crit. Val.+++
log(GDP) y c,t,1 -1.74 c,t,3 -1.66 -3.48 I(1)
4log(GDP) 4y c -5.10¤ c,3 -5.18¤ -2.90
log(P) p c,t,1,2,s -0.88 c,t,3 -0.05 -3.48 I(1)
4log(P) 4p c,s -4.09* c,3 -5.59¤ -2.90
¤ indicates signiﬁcance at the ﬁve percent level
+ sample period: 1985(3) - 2000(4)
++ c: constant, t: trend, s: seasonal dummies, the integers indicate the lags of diﬀerenced
dependent variables included in the regression (ADF test) and the truncation lag (PP test)
+++ MacKinnon (1991) critical values
Table 2: Johansen Cointegration Test+ for xt = (yt;pt)
H0 LR Trace Critical Values++
r = 0 Statistic 5%
0 11.96 15.40
1 0.72 3.80
¤ indicates signiﬁcance at the ﬁve percent level
+ The test was speciﬁed with an unrestricted constant
and centered seasonal dummies. Sample period: 1985(3) - 2000(4)
++ Osterwald-Lenum (1992) critical values
Table 3: Information Criteria+
Lag Order(k) AIC SC HQ
1 -22.59 -22.46 -22.54
2 -22.81 -22.54¤ -22.70¤
3 -22.79 -22.39 -22.64
4 -22.89¤ -22.35 -22.67
5 -22.83 -22.15 -22.56
6 -22.73 -21.90 -22.40
AIC: Akaike Information Criterion
SC: Schwarz Criterion
HQ: Hannan-Quinn Criterion
¤ indicates the minimum of the column
+ sample period: 1985(3) - 2000(4)
28Table 4: Likelihood Ratio Test (LR)+
H0 vs. H1 LR-Statistic Probability
k = 6 vs. k = 5 0.32 0.98
k = 5 vs. k = 4 18.41¤ 0.00
k = 4 vs. k = 3 17.69¤ 0.00
k = 3 vs. k = 2 4.14 0.38
k = 2 vs. k = 1 11.31¤ 0.02
¤ indicates signiﬁcance at the ﬁve percent level
+ sample period: 1985(3) - 2000(4)
Table 5: Residual Analysis+, VAR(5)
Test++ Residuals of single equations Vector
d.f. 4y 4p d.f. X
observ. - 62 62 - -
AR(1-4) F(4,44)
0:66
(0:61)
1:08
(0:37) F(16,78)
1:26
(0:24)
NORM Â2(2)
10:96¤
(0:00)
1:59
(0:45) Â2(4)
12:47¤
(0:01)
ARCH(4) F(4,40)
0:74
(0:56)
0:72
(0:58)
- -
Mis-spec F(20,27)
0:71
(0:78)
1:51
(0:15) F(60,75)
1:02
(0:44)
AR(1-4) tests signiﬁcant autocorrelation of up to four lags, ARCH(4) tests for
presence of autoregressive heteroscedasticity in the residuals up to order 4,
NORM is the Jarque-Bera test for normality, Mis-spec tests for general mis-speciﬁcation.
¤ indicates signiﬁcance at the ﬁve percent level
+ sample period: 1985(3) - 2000(4)
++ marginal level of signiﬁcance in parentheses
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Figure 6: Data Graphics
30Table 6: Sources and periods of coverage of the real GDP
Country Source I Source II
Eurostat other
Belgium As from 1985 The data of the year 1984 is calculated on the basis of the
growth rates of OECD data.
Germany The data has been supplied by the DIW. For the period
before 1989 the data for uniﬁed Germany is calculated on
the basis of the growth rates of West Germany.
Spain All
France As from 1990 For the period prior to 1990 the data is calculated on the
basis of growth rates of Eurostat data.
Ireland For the period before 1990 the data is calculated on the
basis of the extrapolated share of 9 EMU countries (EMU
except for Irland and Luxembourg). As from 1990 calcula-
tions of the DIW on the basis of indicators and the yearly
GDP data of the OECD are used.
Italy All
Luxembourg For the period prior to 1990 the data is calculated on the
basis of the extrapolated share of 9 EMU countries (EMU
except for Irland and Luxembourg). As from 1990 calcula-
tions of the DIW on the basis of indicators and the yearly
GDP data of the OECD are used.
Netherlands As from 1990 For the period before 1990 the data is calculated on the
basis of the growth rates of Eurostat data.
Austria As from 1990 For the period prior to 1990 the data is calculated on the
basis of the growth rates of Eurostat data.
Portugal As from 1988 For the period before 1988 data is calculated on the basis
of growth rates of International Monetary Fund data.
Finland All
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